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3 (54) Title: GENE PARTICIPATING IN THE SYNTHESIS OF BRASSINOSTEROID 
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= (57) Abstract: Concerning brassinosteroid which is a plant hormone widely occurring in plants and showing physiological effects 
such as cell extension or cell division at an extremely low concentration, the most important synthase protein controlling the final step 
of its synthesis and the nucleic acid molecule encoding the same still remain unknown. An already known gene ROT3 (=CYP90C 1 , 
51-to 1625-positions in SEQIDNO:3, ACCESSION No. AB008097) is subjected to a homology research and thus a base sequence 
showing a 51% homology thereto is found out As the results of examinations on this sequence, it is found out that this sequence is 
a novel gene (CYP90D1, SEQ ID NO:l) controlling the synthesis step of brassinosteroid having physiological effects of regulating 
plant size, etc. It is also found out that this gene CYP90D1 controls together with the above gene ROT3 (=CYP90C1) the final step 
of the synthesis of brassinosteroid. 
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(57) gift: 77 V/ X^D-< Kl*. ffi«!l#l=J£<#*TU ffiffij8fit?«Bll!a#i«-^aBSa»gi<Ci:<D±Sf^ffl* ^"fffl 

i^Ol^ttt^-efcofc,, &U:JiaiL-CUfci!G?-ROT3(=CYP90CK BE5"J§#3«>5 1 -1 6 2 5(4. 
ACCESSIONNo.AB008097)l30t\TffiPttfe^*fftV 5 1 %tai^CD&filE*lJ£Jl.aj U ^<Dffi5U£fctt LfcfSS, 

K-rttHittM? (cypqodk s^js^d -cay. hi-. sega^i*. -<Dae ; F-cYP90DiA<ae ; ?-ROT3 

(=CYP90Cl)t^^LT^5'>y Xfo-f K<7)fi»£J«X^y ?£a]oTOS<tL^ wt^MtbLfc. 
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w n m 

5 &m&m 

MB*? ROT3 (= CYP90C1, SB?'J#-^3 0 5 1~1 6 2 5&) i^LT/y^ 

;xt*4 YcomW&i&^y^^^WzMte^ (cyp90di, @a#I#-5§-i) 

10 

7*7W^rn-fFlt, »#^JE<^U «<S«flf-C3»MI&#gR^IBJI&^ 

15 OfflKOift^^MldtU B83£^t>^4fc0H£;lvCV^5 (0U : 4#BPP5-2 2 
2090, #§|5p6-9 8 6 4 8, #B!§¥6 - 3 4 0 6 8 9, #$§¥8-594 
0 8. #PI¥8-8 13 10, #Pi¥8-l 1 3 50 3. #0|Sp9 - 9 7 &£?)„ 

20 Xl 0 HRfifejfc/l^^OS'^/l'gn&l pl80-189^Ptt (1998.8) jSl^b ^ 

*ft3R»^ P450 ^seK^wJ^nir^^ti/TV^o 

^^fb^ ^^n^^X-Hci&SVvr, i^h^nA P450 77 5: P — fcJR 
ROTUNDI F0LIA3 (ROT 3) ift^^Sr^^b (Gene & Development 
25 12:2381-2391(1998)), O T 3 <D^WkW$tfT'Z> - t £ 5 W&fe&fifo 

££r^bfc(Proc. Natl. Acad. Sci. USA vol. 
96, pp. 9433-9437 (1999) ) 0 
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/^^^*3--K"rs«ib5■ J f#* s #s$^^"cv^5as (#^2000-508524). rtu 

b^W-f K (brassinoide, TfBfl^5£) &&Jttr1rZXT V°m*>* & 



UEtcaWb-CV^al^MF R0T3 <=CYP90C1, @B^J#-^3<^5 
1~ 1 6 2 5 4^ ACCESSION No. AB008 097) ^OV^TfglMttt&^^rfTVX 5 1% 

a-^Sfcr&fcit^ (CYP90D1, @B^J#^-l) t-fcSi i:«:&mUfco Kfc. 

^SW^bWU r(Dit^CYP90Dl ^5f^ROT3 (=CYP90C1) i*l^bT^7 

20 ^StSltlofco 

^p^T-«> ^IJgttSrllBRfcSH-^^/^^n^ k^fft*«\ -ttb R0T3 
(=cyp90C1)S.TJ ? cyp90D1 ^ J: <9 w i Sr^ItBi:-t-5^T. 

SP*)> W&£> rot3 (= cYpgocD^^^-e^m^-^S^^O^^W 




S.O 

o brassinolide 



10 
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3 

So 

ua*U ROT3 (= CYP90ci)^rCYP90Dl frit 5 £: . Wftff^frlJlf^ 

JBi"5, rtbb ROT3 (= CYP90C1 ) RXT CYP90D1 (D^^H^O^*^ 3 — K 

bp*>, *3swwu (a) (D xfi (2) ©iBas^ij^fe^sate^TfjfeSo 
(2) TfBwf*ba»©* ^^ft*=— K-rs&ssa^j 

ttsmttXte* (b) (i) xr± (2) <&4sasE#j&t* o) x& (4) <dmm 

(1) sb^j#-§- i o&aaaai 

( 2 ) TIBV ^-ftifixD ? ft* ? M% =« — K-T 5 ££SE?>J 

( b ) 2075/ she^k^t i m b < litior ? s 

( 3 ) ia^lJ#-^ 3(05 1-1 6 2 5{£<D^g@E?U 

(4) TfBv^tL^^ ^-^jc^— K-rs^sia^i 

(c) wm^^-acot % ymmpifrbj&zf^fM. 

( d ) 4075/ ^gB*Ufc*3Wt 1 m L < flW^T 5 / Sfcd*4C^ 
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=e-?^&±M (b) ©^y^^w^KSr^TU ^ftSE?9©v^-f Jxt>^» 

^~^~&tj«_lie ( B ) (D^y v^-KXtt-ttt&oawMEWSr^ru Wft 
-test br^i^^JS^ £ *ltv^ 5 # y * * w-^ ft* fo 5 « 

*38Wtt, -hIB (A) 03t^X«±IB (B) W"? 1 Kfc<fc 

*3SWtl^ l£fc. (a) Xte (b) ©*>v<*«-C2fc5o 
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5 

Ht-x *5SWHl> iO^'^ftftl* (c) Xfi (d) <D^v^^e>^5 

( c ) ia^j#-§-4or^y^iE»b^s^^^® 

10 CYP90D1&T>*ROT3 (= CYP90C1) (Dmm^R^tKO 5 * 

(l)A»W^^O^^l' CYP90D1 (ffi^i#-^D £.t*R0T3 (= 
CYP90C1. ia^J#-^3 0 5 1~1 6 2 5 j&) ©^SH^^^fc 1 ^^ ^ 

• 35s ^n^e-^ 

20 A^^Se) 

• CHS-A ^O*-* (^#©^-t-S^4K©W#l^*5V^Tt*^# 

25 ^iV^o 

(2) J?0T3 CYP90D1 <DW®&%:%b%-2>J5& : 
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6 

m (CYP90D1 (ia^J#-^l) S.TJ«ROT3 (= CYP90C1, WM^^ 3 © 5 1 ~ 1 6 

2 5S)) tfs##>o-cv^fc«e>> *a&v*r&j&*"e#5. 
■s-*at^^j^> ^th^timfe* (cyp9odi (M^m^ri) rx$rot3 <= 

CYP90C1 N @B?U#-*§-3<£>5 l~1 625t)) OBSc^Sr#oT*5#x 

^2E!f^v'n^X-7-X-7-(D^t5ic(Ws -2) (No. 1 k^it^J 1 <£#fc(ROT3 
(No. 2k W^^j2T'^Ufct^ (ROT3#tKCYP90Dl OtK 
IgMlftll) (No. 3&TJ*4) SrPI*#-«»»Ufell©^R«r^t-o No. 3 
^^ilV^. No. 4^m^<ttJ^-t?fc5o 

m 3 ROT3 CYO90D1 ©«fct6^©t*K:^9 W^fO-f K^^f 

IHK&fct*y9 W ^^^ft^fDm^Vt^-to Control : {rT^ 
^-^U^CV\ 6— D — CT : 6-Deoxocathasterone 

- D — T E : 6-Deoxoteasterone > 6 — D — 3 D T : 3-Dehydro-6- 
deoxoteasterone. 6 — D — T Y : 6-Deoxotyphastero:U 6 — D — C S : 
6-Deoxocastasterone> C T : Cathasterone % T E : Teasterone^ 3DT : 
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7 

3-Dehydroteasterone % T Y : Typhasterol^ CS : Castasterone. BL : 
Brassinolide 

ofc„ b^U ROT3 (= CYP90C1) £ CYP90D1 U 

i£.1t* &S6&\Z.&^X* ROT3 (= CYPQOCD^t^CYPgODl ^i^ttf^ 

R0T3 (D^fgWJ(3:«>ROT3it^^^MM^ft:rot3-l(Tsuge et al. 
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8 

Development 122: 1589-1600 (1996) Lfctfc) £r^fc„ rfrtSrS 

££W(|2 

— # % ROT3 RtF CYP90D1 ^M^^^^i ROT3homolog 

(CYP90DD fc»»Wfc*i«-*-*^9>f b 

ROT 3h- cDNA- for : 5 • -GTTAAAACACTAATGGACAC- 3 ' (IB#J#-5§- 5 ) 
ROT3h-cDNA-rev: 5 ' -TGATTTATATTCTTTTGATCC-3 ' (MH^F^r 6 ) 

CYP90D1 <D cDNA (@23W§-1) ?tXt*»&litfc. — ft. 

fc*r©4»<z> gus ^^^3— K«**JR9Bt#% CYP90D1 (ffi^iJ 

^-^-1) <D^n — ~y%^ &&k$Lfa%fc Cauliflower mosaic Virus. 3 5S ^ 
n*- ^--e«K**L5i5fc»*3iA/^o r^SrT^n^^^-(C58Cl Rif- 
resistantJfc^AU #fefcl£V^fflW*£^-T\ in planta ifcfcl J: 9 

^n^^^-X^rot3-i ^}:IALfc, ^©^W^^^-r^t 3 ^^^^ 



(ws-2K siatm©** (rot3 (ommwffl) 

m&ffl 2 t?f^Si Ufctfc (ROT3 &T>* CYP90D1 O^iBfliffiJ) Sr^^fefr"^* UfcJI 

ROT3 (#2B-2) <DTOWJUfc%0«> IBM* (3l2|I|-l) i:Jt-<»5 
«£frl^jH:©^ie*o"rV^5©JE:StUR0T3 RtJf CYP90D1 ©ffi^OftMBWtfWUfc: 

i: CYP90D1 itt^Pfr^W^o-f K©^trWJ53t^t?feS-^^ 
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iU3S^j2-ef^MUf^ ROT3 CYO90D1 <Dl&W7f&.(DW%: > HR^b^Mi^ 

#bfc 0 «ttli2*(w/v)©^^P^A5 MS J#J& (0.2% \>X~mik) 

K^^^t^^ (6-D-CT : 6- 
Deoxocathasterone> 6-D-TE: 6-Deoxoteasterone, 6 -D - 3 D T : 
3-Dehydro-6-deoxoteasterone, 6-D-TY : 6-Deoxotyphasterol> 
6 — D — C S : 6-Deoxocastasterone ^ C T : Cathasterone % T E : 
Teasterone N 3 D T : 3-Dehydroteasterone^ TY : TyphasteroiU CS : 
Castasterone) Rt^?W?^K (B L) (BL[«Hli^A (W± 

rHb^^^-JblBtt^ (rot3 WcYogoDi a**»rf-5 
SrJg 3 BH&^o 

^ 3 la <fc *9 s R0T3 CYO90D1 <OWM.^^-<0^^iK^.W-\^ U "^7 W * 

o K^^^y^^bW^^-efc^^^ 7>T K©^Strot3 £: CYP90D1 
^ ^ -rX1-<Dm£M (Ws-2K SSatM l T?fER Ufcft; (rot3 <«ti#J 

•5 ffiL rot3-l £ rot3-5) XtrntWa^lfc* (R0T3 &t*CYP90Dl 

fl&PffiU rot3/CYP90Dl) Hl*5lt«#^ W J*?^ KOS&iBI^ Lfc„ Z<D 

ma*, mmfr<o**v Mi«Wfc*Jii»*>«io«t9, «cte«*sfe©«s hplc^ 
gc-ms &fflvvcsij£Uto *<om%&i&. 1 ^^To 

3K1 
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ng/g 


Ws-2 


rot3-1 


rot3-5 


rot3/CYP90D1 


6-Deoxoteasterone 


0.05 


0.19 


0.11 


0.26 


3-Deoxotyphasterol 


2.30 


3.49 


4.30 


0.38 


ChDeoxocastasterone 


2.60 


1.88 


4.00 


0.034 


Teasterone 




0.004 


0.02 




Typhasterol 


0.27 


0.38 


0.46 


0.014 


Castasterone 


0.28 


0.31 


0.50 


0.020 


Brassinolide 


0.20 


0.04 


0.06 





(-) X^Vf^t^^n, S!l^:lS#(0.001ng/g)^TT*feo7t^i:Sr 

ROT3 &#lMVtlh<Dt$ (rot3-l RXF rot3-5k KO^ftSrBl 
5 fCMU ^©M-eMt©7 , 7V/^7 1 n'f K Castasterone) 
o^*^_h#bTV>5^i:^^5 0 L;o>U ROT3 (PjJflffflfccfc *> rfv^J 7 
4 KO^^^!hi6S^MoTV^^V\ BP*>, rot3 f«tt0^t?^7->- 

— ROT3 SlD«cyp90D1 <d^B»J bfc t^Kiovv-Ctes :t*?W *^n>f 
10 KO^^<7)^^7 > 7^/7-f F (brassinolide) ©I^W(^>Ut*3 
9 N ROT3 &XFCYP90D1 (DiW<Z>1$tB$:WJ-f~5 £x castasterone 30* 
%/ S K (brassinolide) — ^J&^^-^M&ttS w k&frfa% 0 Wh. 
R0T3 £ CYP90D1 - £ fc«fc ot|0fct7*7 W K©^RSr^ 

15 
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m jfc (o 0 m 

i. (i) x» (2) ©jft^a^i^b^sat^. 
(i) m&m%-i(Dmmd.m 

5 (2) TIBV^-r^o^^^SSr^-K-r^^ifi^J 

( b ) |B^J#^- 2 <DT 5 y ^iB^J^*3V>T 1 3g L < ftii©T $ J Wt&4&t* 

■suffix mm^itr%/wssmii^M. ^-tazmtcx *> -f*?^/* 

10 2. (1) Xte (2) (3) Xtt (4) <D^Sffi^I^Wi-S7K 

(1) @2#i#-j§- l^i^sa^j 

(2) TIBV^tb^©^^^®$r=i-K-t-smSSB^I 
(a) la^IJf f 2 ©7 5 / W^b^S ^ ^71 

15 ( b ) 2(dt^; w^m^&^x i ^ u < teiW@<z>T ^ / m^^ x 

(3) ga^!J#^-3 <D 5 1 ~ 1 6 2 5&<£>itt@E#) 

(4) TIBV^r»taMO^V^Jt*3-K^Sl*flBEW 
20 (c) ffi3W#-4©T5/8®^fl>bf*S*:"^W 

( a ) ikwm ^ / mm\z.&^x i ^ u < wjmbot ^ y m&x&, 

Ko 

5. ^n*— ^T>lt^2^|5mo^y^^U^KSrWU $8££BB?!I 
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6 -my-mm 2 una*©*!* y ^ ^ Kx^n e> <^^ia 

fl S ^ n ^ ^ ^ ft taffis? s *i/tv 5 # y * * k. 

7 . t**® i~6 <o\^M^m^^(om^yj^ y * * kstmt 

9 . MNCQI 1 2 K: WM># p % * Kfc £ «9 fit 

10. awsg 3-6 ©v vf-n,**— ^^ia«©at^x«>K y va-^ Ktc £ 

1 2. (a) xn (b) w^ito 

( a ) IE#I#-*§- 2 or 5 / SfflB#l*> k * M 

(b) @a^j#-^2(DT5/^@B^J^*5v^Ti^ : b<f*^or5:/^ s ^:^ « 

13. Wf3Wll2fcB«<O^^^KRtJ« (c) Xte (d) ©*i"«*»0»& 

( c ) @a^j#-^-4(DT^y^@a^J^b^s^^^® 

( a ) @b^j#-^-4 <dt%/ mMWz&^x i^b< itfi^r ^ y m^x^ e 
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ffimmcDmMotfcm [2003^6^100 (10. 06. 03) bb*M£9 ■. mm 

1 2 im y Tlf *>*itz ; mom J*<D«5HI4Mfc U (21) ] 

1. (mm) 

2. (i) xr± (2) <Dmmim%.T$ (3) xf* (4) ©iwn^ts^ 
5 y ^ * ua-^ Ko 

(1) BW*i®£aaE?ii 

(2) TIBV^fta^^^fC&a— Ki-**aBE3W 

(3) fE?U#-5§- 3©51~1 62 5fiL<Dm£M&\ 

( 4 ) Tlav *nnfr<D f^fW&zi— K-f SitSBB^J 
(c) EJBS^or^ySHE^I^bfifcS^^^K 

is (d) sa^m^4(^r5y^ia^*3v^i^ : b<fim^r$y^s^:^ 

3. (mm 

4. (gijft) 

20 5. -fxi*:—*— ^tKW^2(ciB^#y^^^^K^rWU ^SSE^iJ 

9. miEw m&m2Kmm<Dtfyz?^*^wz£y^&fcnfe&u & 
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1 2. 

13. (WE®) (a) XJ* (b) ©i^^^W (c) Xte (d) (Dftss* 

io (a) ia^j#-^2^T^^^Ba^fe^s^^^w 

(b) ga^j#^2©r^7^sa^j^33v^i^u<t*!Ri®or^/^^^ m 

(c) ia^j#^-4<^r^y^@fi^b^^^>'^^R 

15 (d) ^*#4©T^ySftK^!lfc*3V>Tl^b<«:»:«©r5/i6as^ % e 
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6-Oxocampestanol m 

dWf4 —I I* OH 



-Hydroxycampestanol 



HO" 

cpd 
cbb3 
dwf3 
dpy 



Cathasterone 

I OH 

p 

Teasterone 
3-Dehydroteasterone 



HO 



Typhasterol 

| OH 

if* 

Castasterone 



D 



i 



Campestanol 
*||— dwf4 



6-Deoxocathasterone 



■ I OH . 



brfl.cbb2 
dwf2Jka,cu-3 



BrassKnollde 



HO' 

6-Deoxoteasterone 



3-Dehydro-6- deoxoteasterone 

It OH 



6- Deoxoty phastero I 



OH 



HO" 



6-Deoxocastasterone 



PERCEPTION 
SIGNAL TRANSDUCTION 
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I2@ 



1 2 3 4 




0 



Control 


6-D-CT 


6-D-TE 


6-D-3DT 


6-D-TY 


6-D-CS 




••'-v. 






' 


X 


CT 


TE 


3DT 


TY 


CS 








A 


% 




^^^^^ 

10 mm 
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SEQUENCE LISTING 
<110> Japan Science and Technology Corporation 
<120> ^W^n-f K^fcBB-*F-*-**flrP 
<130> FS03-311PCT 
<160> 6 
<210> 1 
<211> 1473 



<212> DNA 

<213> Arabidopsis thaliana 
<400> 1 



atggacactt 


cttcttcact 


tttgttcttc 


tccttcttct 


tctttatcat catcgtcatc 


60 


ttcaacaaga 


tcaacggtct 


cagatcatcc 


ccagcttcaa 


agaaaaaact taatgatcat 


120 


catgttacat 


cccagagtca 


cggaccaaag 


tttccacacg 


gaagcttggg atggcccgtc 


180 


atcggtgaaa 


ccatcgagtt 


cgtctcttct 


gcttactcag 


accgtcctga gagtttcatg 


240 


gacaagcgtc 


gtctcatgta 


tgggagagtg 


tttaagtcgc 


atatttttgg aacggcgacg 


300 


atcgtgtcga 


cggatgctga 


agtgaacaga 


gccgttttac 


agagcgactc gacagctttc 


360 


gtgccgtttt 


acccaaaaac 


ggtaagggag 


ctaatgggaa 


aatcgtcgat acttcttatc 


420 


aacgggagtt 


tacatagacg 


gttccatgga 


ttagtcggtt 


ctttcttaaa gtcgccactt 


480 


ctcaaagctc 


aaatcgttag 


agacatgcac 


aagtttttgt 


cggaatccat ggatctatgg 


540 


tccgaggacc 


aacctgtgct 


cctccaagac 


gtctccaaga 


ctgttgcatt caaagtactt 


600 


gccaaggcat 


tgataagtgt 


agagaaagga 


gaagatttag 


aagagctaaa gagagagttt 


660 


gaaaatttca 


tatcaggact 


catgtcatta 


ccaattaact 


tccctggaac gcaactccat 


720 


agatctctcc 


aagctaagaa 


gaatatggtg 


aagcaagttg 


aaagaatcat agaaggcaaa 


780 


attaggaaaa 


caaagaacaa 


ggaggaagat 


gatgttattg 


caaaggatgt tgtggatgtg 


840 


ttgcttaagg 


actcaagtga 


acatttaact 


cacaatttga 


ttgctaacaa tatgatcgac 


900 


atgatgatcc 


ctggccacga 


ttctgtccct 


gtcctcatta 


cccttgccgt caaattcctc 


960 


tctgattctc 


ctgctgccct 


caatctccta 


acgaaaaaca 


tgaagctgaa aagtttgaag 


1020 


gaattgacag 


gagagccact 


atattggaat 


gactacttgt 


cgttaccttt aacacaaaag 


1080 


gtgattacag 


agacactgag 


aatgggaaat 


gttataattg 


gagtgatgag aaaggcgatg 


1140 
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aaagatgttg aaataaaagg atatgtgata ccaaaaggat ggtgtttctt ggcctatctc 1200 
agatcagttc atcttgatga agcttattat gagtctccgt acaaatttaa tccctggaga 1260 
tggcaagaaa gggacatgaa cacgagtagt ttcagtcctt ttggaggtgg tcagagattg 1320 
tgccctggtc tcgatttggc tcgtcttgaa acttcagttt ttcttcacca tcttgtcact 1380 
cgcttcagat ggatagcaga agaagacaca atcataaact tcccaacggt gcatatgaag 1440 
aacaaattac ccatttggat caaaagaata taa 1473 
<210> 2 
<211> 490 
<212> PRT 

<213> Arabidopsis thaliana 
<400> 2 

Met Asp Thr Ser Ser Ser Leu Leu Phe Phe Ser Phe Phe Phe Phe He 

15 10 15 

He He Val He Phe Asn Lys He Asn Gly Leu Arg Ser Ser Pro Ala 

20 25 30 

Ser Lys Lys Lys Leu Asn Asp His His Val Thr Ser Gin Ser His Gly 

35 40 45 

Pro Lys Phe Pro His Gly Ser Leu Gly Trp Pro Val He Gly Glu Thr 

50 55 60 

He Glu Phe Val Ser Ser Ala Tyr Ser Asp Arg Pro Glu Ser Phe Met 
65 70 75 80 

Asp Lys Arg Arg Leu Met Tyr Gly Arg Val Phe Lys Ser His He Phe 

85 90 95 

Gly Thr Ala Thr He Val Ser Thr Asp Ala Glu Val Asn Arg Ala Val 

100 105 110 

Leu Gin Ser Asp Ser Thr Ala Phe Val Pro Phe Tyr Pro Lys Thr Val 

115 120 125 

Arg Glu Leu Met Gly Lys Ser Ser He Leu Leu He Asn Gly Ser Leu 
130 135 140 
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His Arg Arg Phe His Gly Leu Val Gly Ser Phe Leu Lys Ser Pro Leu 
145 150 155 160 

Leu Lys Ala Gin lie Val Arg Asp Met His Lys Phe Leu Ser Glu Ser 

165 170 175 

Met Asp Leu Trp Ser Glu Asp Gin Pro Val Leu Leu Gin Asp Val Ser 

180 185 190 

Lys Thr Val Ala Phe Lys Val Leu Ala Lys Ala Leu He Ser Val Glu 

195 200 205 

Lys Gly Glu Asp Leu Glu Glu Leu Lys Arg Glu Phe Glu Asn Phe He 

210 215 220 

Ser Gly Leu Met Ser Leu Pro He Asn Phe Pro Gly Thr Gin Leu His 
225 230 235 240 

Arg Ser Leu Gin Ala Lys Lys Asn Met Val Lys Gin Val Glu Arg lie 

245 250 255 

He Glu Gly Lys He Arg Lys Thr Lys Asn Lys Glu Glu Asp Asp Val 

260 265 270 

He Ala Lys Asp Val Val Asp Val Leu Leu Lys Asp Ser Ser Glu His 

275 280 285 

Leu Thr His Asn Leu He Ala Asn Asn Met He Asp Met Met He Pro 

290 295 300 

Gly His Asp Ser Val Pro Val Leu He Thr Leu Ala Val Lys Phe Leu 
305 310 315 320 

Ser Asp Ser Pro Ala Ala Leu Asn Leu Leu Thr Lys Asn Met Lys Leu 

325 330 335 

Lys Ser Leu Lys Glu Leu Thr Gly Glu Pro Leu Tyr Trp Asn Asp Tyr 

340 345 350 

Leu Ser Leu Pro Leu Thr Gin Lys Val He Thr Glu Thr Leu Arg Met 

355 360 365 

Gly Asn Val He He Gly Val Met Arg Lys Ala Met Lys Asp Val Glu 
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370 375 380 

He Lys Gly Tyr Val He Pro Lys Gly Trp Cys Phe Leu Ala Tyr Leu 
385 390 395 400 

Arg Ser Val His Leu Asp Glu Ala Tyr Tyr Glu Ser Pro Tyr Lys Phe 

405 410 415 

Asn Pro Trp Arg Trp Gin Glu Arg Asp Met Asn Thr Ser Ser Phe Ser 

420 425 430 

Pro Phe Gly Gly Gly Gin Arg Leu Cys Pro Gly Leu Asp Leu Ala Arg 

435 440 445 

Leu Glu Thr Ser Val Phe Leu His His Leu Val Thr Arg Phe Arg Trp 

450 455 460 

He Ala Glu Glu Asp Thr He He Asn Phe Pro Thr Val His Met Lys 
465 470 475 480 

Asn Lys Leu Pro He Trp He Lys Arg He 
485 490 

<210> 3 
<211> 1934 
<212> DNA 

<213> Arabidopsis thaliana 
<400> 3 

tgtgcttagg catatagtta ttcccaagaa accggtttaa ctgtttacgt atgcaacctc 60 
cggcaagcgc aggacttttc cggtcgccgg aaaatctccc ttggccttat aattacatgg 120 
attatttggt cgctggtttc ttggttttga cggccggaat acttctccgt ccatggctct 180 
ggtttcgtct acgaaactcg aaaacgaaag atggagatga agaagaagat aatgaggaga 240 
agaagaaggg aatgattcca aacggaagct taggctggcc ggtgatcgga gaaaccctaa 300 
acttcatcgc ttgtggttat tcttctcggc ctgttacctt catggacaaa cgaaagtctt 360 
tatacgggaa agtgttcaaa acgaacataa tagggacacc aatcataata tcaaccgatg 420 
cagaggtgaa taaagtggtg ctccaaaacc atgggaacac atttgtccct gcatacccta 480 
aatcaattac ggaactactt ggagaaaact ctattctcag catcaatgga cctcatcaaa 540 
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aaaggcttca cacgctcatt ggcgcgttcc 
ctcgagacat tgaggcctcg gttgttctca 
ttcatgttca ggatgagatc aaaaagatga 
gcacatctcc tggtgaagat atgaacattc 
gtttgatttg tatcccaatc aaattccctg 
aagagaggtt aataaagatg gtaaaaaagg 
cgacgtctcc ggcaaatgac gtggtggacg 
agcaatctca accgtcagat ttcgtcagcg 
aggaaacaat gccaacggcg atgaccttgg 
ctctagccaa actcgtggag gagaatatgg 
aagaatacaa gtggaccgat tatatgtctc 
cgcttagaat ggctaacatt attaacgggg 
ttaaaggtta cttaataccg aaaggatggt 
tggatgaaga catttatgat aatccctatc 
atggatcggc aaacagcagt atttgcttca 
ctggtttaga gctgtcgaag ctcgaaatat 
acagttggac ggctgaggaa gacgagatag 
ggctcccgat ccgagtggct actgtagatg 
attaatagat catttcaaag aacaaaactg 
aaatgatctt attaacaaat agtagagaag 
aaagaacnaa acgtacagct agtgatggct 
tttgtttgtc atgtcaaatt ataagcgttg 
gtaccaaacg caagttgaga tatgattcca 
atatagcggc cggg 
<210> 4 
<211> 524 
<212> PRT 

<213> Arabidopsis thaliana 
<400> 4 



5/8 

tcagatctcc tcacctcaaa gaccggatca 
ctttggcgtc ttgggctcaa cttccattgg 
cgtttgagat attagtaaaa gtgttgatga 
tcaaacttga gttcgaagaa ttcatcaaag 
gcactagact ctacaaatcc ttaaaggcga 
ttgtggagga gagacaagtg gcgatgacaa 
tacttctaag agacggtggt gattcagaga 
gaaagatcgt agagatgatg atacccggag 
ctgtcaaatt cttaagtgac aaccccgtcg 
agatgaagag gcgtaaattg gaattgggag 
tctcttttac tcaaaatgtg ataaacgaaa 
tgtggaggaa agctctcaag gatgtagaaa 
gtgtattggc atcattcata tcggttcaca 
aattcgatcc gtggagatgg gacagaatta 
caccctttgg tggtgggcaa aggctatgtc 
ccatctttct tcaccacctt gtaacccggt 
tgtcatttcc gactgtgaag atgaagcgga 
atagtgcttc tccgatctca cttgaagatc 
tttgtgcaaa gaggaagcag agaagtaaac 
agaagcaaac aagattggtg ggtaagacag 
caaagatgag agattctaat tataattttt 
gttaggttgt ccctttctct tttatttatc 
tatatatgga tgatagatat gtatattaat 
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600 

660 

720 

780 

840 

900 

960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1934 
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Met Gin Pro Pro Ala Ser Ala Gly Leu Phe Arg Ser Pro Glu Asn Leu 

15 10 15 

Pro Trp Pro Tyr Asn Tyr Met Asp Tyr Leu Val Ala Gly Phe Leu Val 

20 25 30 

Leu Thr Ala Gly He Leu Leu Arg Pro Trp Leu Trp Phe Arg Leu Arg 

35 40 45 

Asn Ser Lys Thr Lys Asp Gly Asp Glu Glu Glu Asp Asn Glu Glu Lys 

50 55 60 

Lys Lys Gly Met He Pro Asn Gly Ser Leu Gly Trp Pro Val He Gly 
65 70 75 80 

Glu Thr Leu Asn Phe He Ala Cys Gly Tyr Ser Ser Arg Pro Val Thr 

85 90 95 

Phe Met Asp Lys Arg Lys Ser Leu Tyr Gly Lys Val Phe Lys Thr Asn 

100 105 110 

He He Gly Thr Pro He He He Ser Thr Asp Ala Glu Val Asn Lys 

115 120 125 

Val Val Leu Gin Asn His Gly Asn Thr Phe Val Pro Ala Tyr Pro Lys 

130 135 140 

Ser He Thr Glu Leu Leu Gly Glu Asn Ser He Leu Ser He Asn Gly 
145 150 155 160 

Pro His Gin Lys Arg Leu His Thr Leu He Gly Ala Phe Leu Arg Ser 

165 170 175 

Pro His Leu Lys Asp Arg He Thr Arg Asp He Glu Ala Ser Val Val 

180 185 190 

Leu Thr Leu Ala Ser Trp Ala Gin Leu Pro Leu Val His Val Gin Asp 

195 200 205 

Glu He Lys Lys Met Thr Phe Glu He Leu Val Lys Val Leu Met Ser 

210 215 220 

Thr Ser Pro Gly Glu Asp Met Asn He Leu Lys Leu Glu Phe Glu Glu 
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225 230 235 240 

Phe He Lys Gly Leu He Cys He Pro He Lys Phe Pro Gly Thr Arg 

245 250 255 

Leu Tyr Lys Ser Leu Lys Ala Lys Glu Arg Leu He Lys Met Val Lys 

260 265 270 

Lys Val Val Glu Glu Arg Gin Val Ala Met Thr Thr Thr Ser Pro Ala 

275 280 285 

Asn Asp Val Val Asp Val Leu Leu Arg Asp Gly Gly Asp Ser Glu Lys 

290 295 300 

Gin Ser Gin Pro Ser Asp Phe Val Ser Gly Lys He Val Glu Met Met 
305 310 315 320 

He Pro Gly Glu Glu Thr Met Pro Thr Ala Met Thr Leu Ala Val Lys 

325 330 335 

Phe Leu Ser Asp Asn Pro Val Ala Leu Ala Lys Leu Val Glu Glu Asn 

340 345 350 

Met Glu Met Lys Arg Arg Lys Leu Glu Leu Gly Glu Glu Tyr Lys Trp 

355 360 365 

Thr Asp Tyr Met Ser Leu Ser Phe Thr Gin Asn Val He Asn Glu Thr 

370 375 380 

Leu Arg Met Ala Asn He He Asn Gly Val Trp Arg Lys Ala Leu Lys 
385 390 395 400 

Asp Val Glu He Lys Gly Tyr Leu He Pro Lys Gly Trp Cys Val Leu 

405 410 415 

Ala Ser Phe He Ser Val His Met Asp Glu Asp He Tyr Asp Asn Pro 

420 425 430 

Tyr Gin Phe Asp Pro Trp Arg Trp Asp Arg He Asn Gly Ser Ala Asn 

435 440 445 

Ser Ser He Cys Phe Thr Pro Phe Gly Gly Gly Gin Arg Leu Cys Pro 
450 455 460 
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Gly Leu Glu Leu Ser Lys Leu Glu He Ser He Phe Leu His His Leu 
465 470 475 480 

Val Thr Arg Tyr Ser Trp Thr Ala Glu Glu Asp Glu He Val Ser Phe 

485 490 495 

Pro Thr Val Lys Met Lys Arg Arg Leu Pro He Arg Val Ala Thr Val 

500 505 510 

Asp Asp Ser Ala Ser Pro He Ser Leu Glu Asp His 
515 520 

<210> 5 
<211> 20 
<212> DNA 

<213> Artificial sequence 
<400> 5 

gttaaaacac taatggacac 20 
<210> 6 
<211> 21 
<212> DNA 

<213> Artificial sequence 
<400> 6 

tgatttatat tcttttgatc c 21 
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